In the course of certain investigations rabbits repeatedly injected with bovine serum by the intraperitoneal and intratracheal routes were tested for sensitiveness. It was then found that an animal sensitized by intraperitoneal injections failed to react on subsequent intratracheal injection. Another sensitized by intratracheal injections promptly reacted to a small amount administered intravenously. It had been established by the experiments of Pfenninger, 1 D'Aunoy, ~ and Jones 3 that antibodies are readily formed in rabbits after intratracheal injections of suitable antigens. Precipitin production is parficdaffy marked in animals treated by intratracheal injections of foreign serum. Besredk# had considered the question of sensitization through the lower respiratory route. He noted that guinea pigs sensitized with small doses of horse serum or egg white when reinjected into the trachea with small quantities of the antigen developed anaphylactic shock. It was stated that the trachea easily absorbs large quantities of serum. He further concluded that the rapidity of absorption, the absence of danger of anaphylactic shock, and the simplicity of the technique made the laryngotracheal method suitable for serum therapy in the case of man.
In the course of certain investigations rabbits repeatedly injected with bovine serum by the intraperitoneal and intratracheal routes were tested for sensitiveness. It was then found that an animal sensitized by intraperitoneal injections failed to react on subsequent intratracheal injection. Another sensitized by intratracheal injections promptly reacted to a small amount administered intravenously. It had been established by the experiments of Pfenninger, 1 D'Aunoy, ~ and Jones 3 that antibodies are readily formed in rabbits after intratracheal injections of suitable antigens. Precipitin production is parficdaffy marked in animals treated by intratracheal injections of foreign serum. Besredk# had considered the question of sensitization through the lower respiratory route. He noted that guinea pigs sensitized with small doses of horse serum or egg white when reinjected into the trachea with small quantities of the antigen developed anaphylactic shock. It was stated that the trachea easily absorbs large quantities of serum. He further concluded that the rapidity of absorption, the absence of danger of anaphylactic shock, and the simplicity of the technique made the laryngotracheal method suitable for serum therapy in the case of man.
The inability of the writer to produce shock on intratracheal injection in the case of the rabbit was of considerable interest. It seemed possible to throw some light on the absorption of protein through the lower respiratory tract by continuing the observations along similar lines. Inasmuch as the guinea pig is extremely sensitive to injections of protein it was decided to use this species. With a little practice doses as high as 2 cc. may be introduced by means of a curved metal tube passed through the larynx by way of the mouth into the trachea.
EXPERIMENTAL.
It was desirable to determine whether guinea pigs could be sensitized by the administration into the trachea of small doses of serum. The method of making intratrachea| injections employed throughout the experiments is essentially the same as that previously described) All animals were given sufficient ether to cause complete relaxation and as little pressure as possible was employed in making the injections.
In the first experiments one-half of the animals received intratracheal injections of horse or cow sdrum and the remainder were sensitized intraperitoneally. After sufficient time had elapsed, one-half of the animals of each series were then injected intravenously with 0.5 cc. of a 40 per cent solution of serum. They promptly succumbed to fatal anaphylactic shock. The remainder were treated with similar doses intratracheally. All remained well. The results were so strikingly different from those recorded by Besredka that further experiments were undertaken. Experiment /.--Six guinea pigs averaging 500 gin. in weight were divided into two groups. Three were sensitized by the intratracheal route and the remainder by the intraperitoneal route. Two injections of 0.'5 cc. of 40 per cent horse serum were administered on Jan. 4 and Jan. 6. On Jan. 20, all were injected with 1 cc. of horse serum. The results are given in Table I. This experiment was repeated a number of times. In two series bovine serum was employed. The results were essentially the same. It was possible to sensitize by the intratracheal injection of small quantities of foreign serum. Evidently sufficient protein is absorbed through the alveoli and air passages to serve for the purpose of sensitization. Yet serum in the indicated doses when introduced into the trachea of sensitized animals is evidently incapable of giving rise to marked anaphylactic phenomena, whereas similar doses injected into the peritoneal cavity led to well marked reactions.
It might be argued that the serum introduced into the lower respiratory tract was forcibly expelled before there was time for its absorption, although animals properly anesthetized rarely cough after injection. In answer to such objection and in order to ascertain whether by a reasonable dose into the trachea shock could be brought on, animals were first treated as in Experiment 1. 14 days after the second sensitizing injection the tests were made. The details are given in Table II .
It will be observed that the results were in the main similar to those recorded in Table I . The introduction of 2 cc. of serum into the trachea of sensitive guinea pigs resulted in a mild shock in one instance. The other two animals were unaffected. 1 cc., half the dose given intratrachea]ly, when injected into the peritoneal cavity was sufficient to produce characteristic disturbances. 2 cc. is a relatively large amount to inject into the trachea. While the animal can tolerate this amount of liquid without difficulty, nevertheless the operator is hurried and must inject with more force than is usually employed. That certain portions of the lung may have been injured during the injection is possible, and such injury would probably facilitate a rapid absorption of the serum.
A similar experiment in which three guinea pigs were sensitized by the intraperitoneal injection of bovine serum and tested by the intratracheal route gave substantially the same results. One of the guinea pigs was given 1 cc. of serum into the trachea. It remained well. The second received 1.5 cc. It also failed to react. The third treated with 2 cc. of serum intratracheally developed a characteristic shock and died within 45 minutes. There seemed to be three possible explanations for the failure of moderate doses of serum to induce shock in the sensitive animal; viz.:
(1) The intact lining membranes of the alveo]i and air passages may be relatively impermeable to colloidal substances. (2) Absorption may go on so slowly that insufficient serum gains access to the blood at one time to produce shock. (3) The substances injected may not remain in contact with the lining membranes long enough to be absorbed.
The lining of the air spaces is an exceedingly thin layer of epithelial cells, supported by a delicate membrane and should afford one of the most permeable mucous membranes of the body. It seemed possible to judge the rapidity of absorption of foreign protein by the foUowing experiment. l~xperiment 3.--Four rabbits were injected with bovine serum. In Rabbits I and 2 the serum was administered by way of the trachea. It was injected into the peritoneal cavities of Rabbits 3 and 4. Each rabbit was bled 3 cc. from the ear vein just before injection and at hourly intervals subsequently. Precautions were taken to avoid hemolysis. The rabbit serum after it had exuded from the clot was centrifuged so that clear, straw-colored samples were obtained. The various samples of serum were tested with the serum of a rabbit that had been immHnlzed with bovine serum. It had been ascertained that 0.1 cc. of this precipitin would detect 1/10,000 cc. of bovine serum. The results are given in Table HI . Amount of serum tested.
-F -F * Definite precipitation has been recorded as +; -4-indicates a slight turbidity without recognizable precipitate.
t Strong reactions were obtained in all three tubes of serum obtained ½ hour after injection in Rabbits 3 and 4.
The rapidity of the absorption into the blood stream of the serum from the peritoneal cavity is noteworthy in the rabbits (Nos. 3 and 4) injected intraperitonealIy. Within ½ hour strong precipitations were obtained in the sera from the peripheral blood. Such was not the case when comparable doses were injected into the trachea, for the foreign serum could not be definitely detected in the blood until 4 or $ hours after the injection. It was possible to judge the amount of absorption by the intensity of the reactions in the test-tubes. The
reactions in the instances of Rabbits 3 and 4 were uniformly much more marked throughout the series. Evidently absorption from the peritoneal cavity is more considerable as well as more rapid than that from the lower respiratory tract. It has thus been shown both by the anaphylactic reactions and the precipitin tests that foreign proteins are absorbed slowly and in small quantities through the lower respiratory tract. That the quantities absorbed are on the whole insufficient to produce anaphylactic phenomena is equally clear. The question whether the serum is maintained in contact with the membranes for a sufficient period to be absorbed must be considered. Restllts of tests with precipitin specific for bovine serum.
Tracheal ____and bronchial washings. Lung extract.
Amount tested. Amount tested. To throw some light on this point, three guinea pigs were each injected intratracheally with 1 cc. of cow serum. 1, 3, and 6 hours after injection they were anesthetized with ether and the vessels of the neck severed. The lungs were removed as quickly as possible and 5 cc. of salt solution injected into the trachea. Mter a short interval the base of the lungs was elevated and as much of the salt solution collected as possible. In addition small pieces of the more dependent portions of all lobes were ground in a mortar with sand and triturated with 5 cc. of salt solution. Both the tracheal washings and the ground suspensions were filtered through filter paper. After refrigeration overnight, all fluids were centrifuged rapidly and the supernatant liquid tested for cow serum with the same precipitin used in the previous experiment. The results are given in Table IV. The table indicates that at least a portion of serum remains in the air passages for a considerable period since the tracheal washings and lung extracts gave the characteristic precipitation even as long as 6 hours after the injection. It is obvious then that the injected material is not promptly eliminated from the lower respiratory tract. Evidently it is in contact with the membrane for a siffficient period to permit absorption. It becomes apparent then that physical characters of the membranes limit the rate and the amount of absorption.
Many of the guinea pigs used in Experiments 1 and 2 survived. A good opportunity was afforded to ascertain to what degree the intratracheal injection had influenced the degree of sensitiveness. The None.
Severe shock. None.
Shock.
None.
None. ?
Fatal shock, 36.2°C. 36.3" 35.9" 37 0" a fall of 1.8°C.
survivors of Lot 1 were retested 2 days after the first test; those of Lot 2 after 4 days. All animals of both series were injected intraperitoneally with 1 cc. of horse serum. The results are recorded in Table V. The results appear definite. Guinea Pigs 1, 3, 4, 6, and 11 were first tested by intratracheal injection. None reacted. The second test, made by injecting 1 cc. of serum into the peritoneal cavity shortly after the first test, resulted in characteristic reactions in four animals. The reaction in the other (No. 6) was indefinite. It presented no special symptoms other than a rapid fall in temperature within an hour following the injection. This reaction continued for 3½ hours.
The temperature became normal 3 hours later. Of the four (Nos. 5, 8, 9 , and 10) which showed symptoms of anaphylaxis following the first injection, all were refractory to the second dose. No. 7, which failed to react after the administration of 2 cc. of serum intratracheally, was able to withstand the second dose without manifesting symptoms. In this instance it is assumed that sufficient protein was absorbed as the result of the first injection to render the animal insensitive to the second dose.
DISCUSSION.
The experimental evidence indicates that animals become sensitive to proteins administered by way of the trachea, since the animals injected by that route and later treated with serum developed shock. The results of certain experiments indicate that the rate of absorption of serum after intratracheal injection is relatively slow. There are further indications that the amount of absorption is limited. The experiment in which a large quantity of serum was injected into the peritoneal cavities of two rabbits and into the tracheas of two others and the blood subsequently tested for the foreign serum at regular intervals seems dearly to demonstrate these points. The blood of the rabbits which received the serum into the peritoneal cavity contained the foreign serum in recognizable quantity within a half hour. It took considerably longer (3½ to 4½ hours) for the foreign serum to reach the blood in the instances of those injected intratracheally. The intensity of the reactions in the test-tubes suggests that little of the injected protein reaches the blood in the case of the animals which received an intratracheal injection. This is further borne out by the protocols given in Table V , since four of the five animals which failed to react when serum was introduced into the trachea developed characteristic symptoms of anaphylaxis after subsequent intraperitoneal treatment with small doses. Evidently the absorption was so limited after intratracheal injection that the guinea pigs still remained sensitive to the relatively small test doses.
These facts indicate that the lining membranes of the alveoli and air passages permit a slight absorption of the foreign protein. Wells and Osborne 5 have shown that exceedingly minute amounts of protein will induce susceptibility.
The hypothesis that the intact epithelium in itself affords a relatively impermeable barrier to colloids is further strengthened by the inability to produce shock by the intratracheal route in sensitive individuals with doses sufficient to bring on a characteristic reaction when introduced into the peritoneal cavity or into the circulation. It is true when the dose was doubled sufficient serum was absorbed to bring on characteristic symptoms in a limited number of animals. It was, however, pointed out that in such injections the operator is hurried and employs more force in making the injection so that injury leading to rapid absorption cannot be excluded as a complication. In addition the results of a considerable number of other experiments ° dealing with the passage of antibodies from the lower respiratory tract into the circulation indicate that the lining membranes do not permit the passage of agglutinins and hemolysins in measurable quantities.
SUMMARY.
It has been possible to sensitize guinea pigs by the intratracheaI administration of small amounts of horse or cow serum. The degree of sensitiveness is comparable to that obtained when the same doses of serum are injected into the peritoneal cavity. Nevertheless, relatively small amounts of foreign protein are slowly absorbed through the lining membranes of the lower respiratory tract. In sensitive animals it has not been possible to produce shock by intratracheal injection of amounts of serum which injected into the peritoneal cavity of other animals of the same series sensitized in the same manner always produced shock. Considerably larger doses administered intratracheally may give rise to anaphylactic symptoms. It is possible that the force necessary to inject the larger amounts of serum may have led to injury and more rapid absorption.
